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Reproductive biology of the Amazon Lava Lizard
(Tropidurus torquatus) from the Wet Chaco of Corrientes
(Argentina): congeneric comparisons of ecotypic and
interspecific variations
M.A. Ortiz, J.M. Boretto, C. Piantoni, B.B. Álvarez, and N.R. Ibargüengoytía

Abstract: Herein we describe the reproductive biology of a population of the Amazon Lava Lizard (Tropidurus torquatus
(Wied-Neuwied, 1820)) from Corrientes, northeastern Argentina (Wet Chaco). We describe the male and female reproductive cycles,
minimum body size for adults, reproductive output, mean relative clutch mass, fat body cycles, and sexual dimorphism. Our
results were compared with data on the reproductive biology of Brazilian populations of T. torquatus and congeneric species. In
Corrientes, males of T. torquatus exhibited a continuous reproductive cycle, but with annual variation of testicular parameters
associated with spermatogenic activity. In contrast, females were reproductive only from winter to summer (July–February),
laying at least two clutches each of six eggs, on average, per reproductive season. The relative clutch mass and egg size values in
Corrientes were the highest reported for the species. The annual cycle of energy storage (as fat bodies) was inversely correlated
with reproductive activity in both sexes. Males differed from females in snout–vent length, head size, interlimb length, and tail
length. We observed interpopulational differences in relative clutch mass, egg volume and mass, incubation period and hatching
time, and the minimum body size for sexual maturity probably as a result of phenotypic plasticity or adaptation to local
environmental conditions and likely both.

Key words: reproductive cycle, Squamata, tropidurid, lizard, Tropidurus torquatus.

Résumé : Nous décrivons la biologie de la reproduction d’une population de lézards Tropidurus torquatus (Wied-Neuwied, 1820) de
Corrientes, dans le nord-est de l’Argentine (Chaco humide). Nous décrivons les cycles de reproduction des mâles et des femelles,
la taille minimum du corps des adultes, l’efficacité de la reproduction, la masse moyenne relative des pontes, les cycles des corps
adipeux et le dimorphisme sexuel. Nos résultats sont comparés à des données relatives à la biologie de la reproduction de
populations brésiliennes de T. torquatus et d’espèces congénères. À Corrientes, les mâles de T. torquatus présentent un cycle de
reproduction continu, mais des variations annuelles des paramètres testiculaires associés à la spermatogénèse. En revanche, les
femelles ne sont reproductives que de l’hiver à l’été (de juillet à février), produisant aux moins deux pontes de six œufs chacune
en moyenne chaque saison de reproduction. Les valeurs de la masse relative des pontes et de la taille des œufs à Corrientes
étaient les plus importantes signalées pour l’espèce. Le cycle annuel de stockage d’énergie (sous forme de corps adipeux) était
inversement corrélé à l’activité de reproduction pour les deux sexes. Les mâles se distinguaient des femelles sur le plan de la
longueur museau–cloaque, de la taille de la tête, de la longueur entre les membres et de la longueur de la queue. Nous avons
observé des différences entre populations en ce qui concerne la masse relative des pontes, le volume et la masse des œufs, la
période d’incubation et le moment de l’éclosion, ainsi que la taille minimum du corps à maturité sexuelle, ces différences étant
probablement dues à la plasticité phénotypique, à l’adaptation à des conditions ambiantes locales ou, vraisemblablement, à une
combinaison de ces deux phénomènes. [Traduit par la Rédaction]

Mots-clés : cycle de reproduction, squamates, tropiduridés, lézard, Tropidurus torquatus.

Introduction
The timing of the reproductive cycles and the determination of

the biotic and abiotic factors that affect them is critical in repro-
ductive ecology (James and Shine 1985; Brown and Shine 2006).
Numerous studies on both tropical and temperate species have
demonstrated a correlation between the reproductive cycles and
environmental parameters, such as temperature, photoperiod,
and rainfall (Licht 1971, 1973; Marion 1982; Rocha 1992; Watling
et al. 2005; Ferreira et al. 2011). Nevertheless, in tropical reptiles, a

large variability in the reproductive cycles has been registered in
different species from the same region (Duellman 1978; Fitch
1982; Dixon and Soini 1986), even under identical environmental
conditions (Barbault 1976; Vitt and Goldberg 1983; Vitt 1992). This
variability within populations suggests that other factors, such as
the availability of nest sites (James and Shine 1985) and food
(Ballinger 1977; Vitt et al. 1978; Dunham 1978, 1982) or differences
in risk of mortality, can influence reproductive cycles. For exam-
ple, incubation requires optimal thermal and hydric conditions
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for successful hatching (Brown and Shine 2006) and gonadal
development requires sufficient and timely lipid storage (e.g.,
Magnusson 1987; Ramírez-Pinilla 1995; Wiederhecker et al. 2002;
Galdino et al. 2003). In addition, reproductive phenotypes evolve
as responses to foraging and escape strategies (Vitt and Congdon
1978; Vitt and Price 1982), body size and shape (Vitt 1981; Vitt and
Goldberg 1983; Vitt et al. 1997), and phylogenetic inertia (Stearns
1984; Dunham and Miles 1985; Dunham et al. 1988; Vitt 1992;
Mesquita and Colli 2010).

The genus Tropidurus Wied-Neuwied, 1824 is widespread in
South America, occurring east of the Andes from southern Vene-
zuela to the center of Argentina (Rodrigues 1987, 1988; Cei 1993). It
comprises 26 species of oviparous lizards (Uetz and Hošek 2013)
that occupy a wide range of habitats, including wet and dry forests
and savannas (Vitt 1993; Vitt and Zani 1996; Cruz et al. 1998;
Wiederhecker et al. 2003). Females usually lay multiple clutches
per year. Different reproductive patterns have been described for
the genus, varying from continuous reproduction in Peters’ Lava
Lizard (Tropidurus hispidus) in the Caatinga (Vitt and Goldberg 1983)
and in the Amazon Lava Lizard (Tropidurus torquatus) in the Atlan-
tic Forest (Teixeira and Giovanelli 1999), to seasonal patterns with
variation in the length of the reproductive season. For example, in
the Spiny Lava Lizard (Tropidurus spinulosus) and Etheridge’s Lava
Lizard (Tropidurus etheridgei) that inhabit the Dry Chaco in Salta,
Argentina, the reproductive season lasts 3 months (November–
January; Cruz 1997) and 6 months (September–February; Cruz
et al. 1997), respectively. In Brazilian biomes, Tropidurus itambere
from the Atlantic Forest has a reproductive season of 7 months
(September–March; Van Sluys 1993), and a similar cycle is exhib-
ited in a population of T. torquatus from the Cerrado (August–
February; Wiederhecker et al. 2002) and the Striped Lava Lizard
(Tropidurus semitaeniatus) from the Caatinga (July–January; Vitt and
Goldberg 1983). However, Arruda (2009) documented that the re-
productive season of T. torquatus in the Brazilian Pampa lasts
5 months (September–January), and recently Ribeiro et al. (2012)
have recorded a reproductive cycle of 5–6 months (November–
March, April) for T. semitaeniatus from the Brazilian Caatinga. This
high variation in the timing and duration of the reproductive
season suggests that environmental factors contribute to such
variation (Van Sluys et al. 2010).

Tropidurus torquatus is one of the most widely distributed species
of the genus, occupying open and rocky habitats with scarce veg-
etation from central-southeastern Brazil, to northern Argentina,
Uruguay, and Paraguay (Rodrigues 1987; Cei 1993; Carreira et al.
2005). It is a medium-sized, territorial, and polygynous lizard with
a sit-and-wait, mainly insectivorous, predatory behaviour (Álvarez
et al. 1985; Bergallo and Rocha 1993; Kohlsdorf et al. 2006; Ribeiro
et al. 2008). The reproductive biology of T. torquatus populations
from different Brazilian biomes has been thoroughly studied
(Wiederhecker et al. 2002; Kiefer et al. 2008; Van Sluys et al. 2010;
Brandt and Navas 2011; Winck and Rocha 2012). However, despite
being a relatively common lizard inhabiting Argentinian biomes,
there is a lack of study on their reproductive biology.

Herein, we describe cycles in reproduction and the presence of
fat bodies in T. torquatus from the province of Corrientes, north-
eastern Argentina, Eastern District of the Chaco phytogeographic
province. We present data on the minimum body size of adults,
reproductive output, and mean relative clutch mass, and address
the following questions. (1) Is the timing of gametogenesis corre-
lated with climate? (2) Are male and female reproductive cycles
synchronous? (3) How does the timing of lipid storage relate to
gametogenesis and embryonic development? (4) Is there sexual
dimorphism, and if so, what are the likely causes? Finally, the
reproductive cycles of male and female T. torquatus from Wet
Chaco in Argentina are compared with that of T. torquatus and
congeneric species from Brazil, in relation to climate and other
environmental factors.

Materials and methods

Study area
The study was conducted in the Capital Department of Corrien-

tes province (27°25=50==S, 58°44=48==W), Argentina, part of the East-
ern District of the Chaco phytogeographic province (Cabrera and
Willink 1980). This phytogeographical region consists of a wide
variety of vegetation formations, including woodlands, rain-
forests, savannas, prairies, scrublands, grasslands, and palm groves
with aquatic and marshland vegetations. The climate is generally
warm and subtropical; there is no dry season, although rainfall in
winter is significantly lower (June–September), particularly in July
and August when the historical means are lower than 50 mm. The
mean annual rainfall in the region is 1200 mm. The mean annual
temperature is 21.5 °C, ranging from 15 °C in July to 26.5–27 °C in
January (Carnevali 1994; Bruniard 1997). Frosts have been registered,
but they are not common (Carnevali 1994). Mean temperature, pho-
toperiod, relative humidity, and rainfall registered in the periods
1990–2007 and 2007–2009 were provided by the Servicio Meteo-
rológico Nacional Argentino and the Servicio de Hidrografía Naval
Argentino (Figs. 1A, 1B).

Sampling and laboratory methods
Sixty-five males and 74 females were hand-collected using rub-

ber bands at monthly intervals, from December 2007 to December
2009. Lizards were sexed, weighed (BM) to the nearest 0.01 g with
a digital balance (Ohaus® traveler scale TA320), and dimensions
measured to the nearest 0.01 mm using a digital caliper (Essex®).
To study sexual dimorphism, we measured snout–vent length
(SVL), head length (HL), head width (HW), head height (HH), neck
width (NW), distance between front and hind limbs (interlimb
length, IL; sensu Olsson et al. 2002), diameter of the front leg (FLD)
and hind leg (HLD) at the insertion to the shoulders and pelvic
girdles, respectively, tail width immediately posterior to vent
(TWV), tail length (TaL), and status of the tail (ST; intact, cut, or
regenerated). Specimens were then euthanized by intraperitoneal
administration of anesthesia (carticaine L-adrenaline) and testes
and ovaries were dissected and measured. Testes were also
weighed. After fixation in formalin for a period of 24 h, the lizards
were stored in 70% ethanol and incorporated to the herpetological
collection of the Universidad Nacional del Nordeste (UNNE), Cor-
rientes province, for future studies. One juvenile and four adult
females from the UNNE collection, collected in February 1994
(UNNEC: 1650), August 1998 (UNNEC: 6269), and November–
December 1999 (UNNEC: 6819, 6831, 6878), were also examined in
this study to increase the number of ovigerous females and to
better estimate the mean and variation of clutch size, as well as its
relationship with SVL.

Male reproductive cycle
The male gonadal cycle was studied based on macro- and micro-

scopical observations. Testes were removed, weighed (TM) to the
nearest 0.01 g using a digital scale, and then measured in length
(TL) and width (TW) to the nearest 0.1 mm using a digital caliper.
Testis volume (TV) was calculated as V = (4/3)�(TL/2)(TW/2)2.

The microscopical activity of the gonads was investigated using
conventional histological techniques. Arbitrarily, the left testis
and epididymis were removed from each male after euthanasia,
fixed in Bouin’s solution or 10% formalin for 24 h, and preserved in
70% ethanol. Gonads were then dehydrated in an ethanol series
and embedded in paraffin for 24 h at 52 °C. Subsequently, the
material was cut with a microtome Reichert-Jung Hn40 in sections
of 5 �m and stained with hematoxiline and eosine.

Spermatogenic stages were determined based on the most ad-
vanced cell type present in the seminiferous tubules, following
Mayhew and Wright (1970), and cell types were recognized based
on Gribbins et al. (2006) and Uribe (2002). Five spermatogenic stages
were observed as follows: (I) only spermatogonia, (II) primary and

644 Can. J. Zool. Vol. 92, 2014

Published by NRC Research Press

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

D
A

L
H

O
U

SI
E

 U
N

IV
E

R
 o

n 
07

/0
7/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



secondary spermatocytes, (III) round spermatids and in the pro-
cess of elongation, (IV) spermatozoa in the seminiferous tubules,
and (V) initial regression with cellular debris and scarce sperma-
tozoa in tubular lumen (modified from Mayhew and Wright 1970).
The presence or absence of spermatozoa in the epididymis was
also registered. Minimum SVL at sexual maturity in males was
determined based on the smallest specimen with spermatogenic
activity (stages II–V) or spermatozoa in the epididymis.

Female reproductive cycle
Female gonadal cycles were defined by the presence and num-

ber of vitellogenic follicles, oviductal eggs, and corpora lutea. The
follicle size was estimated as the diameter of the largest follicle for
each female (Ibargüengoytía and Cussac 1998) and was measured
with an ocular micrometer to the nearest 0.1 mm using an Olym-
pus® SZX9 stereoscopic microscope. The largest and smallest
diameter of each oviductal eggs were measured with a digital
caliper to the nearest 0.1 mm to further calculate their volume
with the equation of a spheroid mentioned above for males. Min-
imum SVL at sexual maturity for females was estimated based on
the smallest female containing enlarged vitellogenic follicles, ovi-
ductal eggs, or corpora lutea. The simultaneous presence of vitel-
logenic follicles and oviductal eggs, or vitellogenic follicles and
corpora lutea, was considered indicative of the occurrence of
more than one clutch per reproductive season. Females without
vitellogenic follicles and oviducts with either an absence of folds
or a presence of small folds were classified as juveniles. This
method follows the definition of Ibargüengoytía and Cussac
(1998): “Uterus type 1: folds, if present, are small, and never spread
over the entire uterus.”

Clutch size was the number of oviductal eggs. Reproductive
investment was estimated using the relative clutch mass (RCM).
RCM index was calculated following two methods: (1) RCMinc =
CM/FBM, where CM is clutch mass and FBM is the female’s body
mass (which includes the clutch mass), and (2) RCMexc = CM/
(FBM – CM), where the clutch mass is subtracted from the female’s
body mass (Shine 1980; Rodríguez-Romero et al. 2005; Kiefer et al.
2008).

The relationship between clutch size and egg volume was deter-
mined by a partial correlation analysis, eliminating the effect of
maternal body size using female SVL as the covariate (Ford and
Seigel 1989, 2006). The minimum time required to produce one
clutch was estimated as the period of time between the first fe-
male captured that presented vitellogenic follicles and the first
female captured that showed corpora lutea (Huang 1998; Galdino
et al. 2003). Additionally, the incubation time was estimated as the
period of time between the first female captured with corpora
lutea and the first field observation of juveniles (Wiederhecker
et al. 2002).

Operational sex ratio
The operational sex ratio (OSR) of reproductive and sexually

receptive males to females was calculated considering only males
with spermatogenic activity (stages II–IV) and females with vitel-
logenic follicles, including those presenting vitellogenic follicles
and oviductal eggs or vitellogenic follicles and corpora lutea
simultaneously.

Sexual dimorphism
Morphometrical descriptions for the assessment of sexual di-

morphism of T. torquatus were restricted to adults and were made
using SVL, BM, HL, HW, HH, NW, IL, FLD, HLD, TWV, TaL, and ST.
First, we performed a nonparametric Mann–Whitney U test for
two-independent samples to determine the statistical significance
of the difference between female and male SVLs. Then, the mor-
phological variables (BM, HL, HW, HH, NW, IL, FLD, HLD, and
TWV; each transformed to natural logarithms) were regressed on
natural logarithms of SVL to generate residuals for further analy-
sis. Stepwise discriminant analysis (based on P value with � = 0.05
and � = 0.10 as input and output significance levels, respectively)
was used to determine the variables that better explain the differ-
ences between the sexes. Analysis of covariance (ANCOVA) (SVL is
the covariate) was used to test the sexual dimorphism in tail
length (TaL; only the specimens with intact tails were considered).
To set up the possible causes of intersexual differences in the
frequency of caudal autotomy, a �2 test was performed to compare
intact versus cut or regenerated tails between males and females.

Fat body cycles
Fat bodies were excised after necropsy of each lizard, fixed in

10% formaldehyde, and weighed to the nearest 0.001 g using the
analytical balance Sartorius® AZ-214. Residuals of the linear re-
gression between fat body mass and SVL were used.

Statistical analyses
Statistical analyses were conducted using INFOSTAT (2011 ver-

sion), SPSS (version 17.0), and SIGMAPLOT (version 10.0). The data
were transformed to natural logarithms (ln) and square roots
when necessary to reach the normality and homogeneity of vari-
ance assumptions for parametric tests (Zuur et al. 2010). The as-
sumption of normality was checked with the Shapiro–Wilk’s tests
and Levene’s homogeneity of variance test. When normality or
homogeneity of variance was not met, nonparametric equivalents
such as the Mann–Whitney U test were used. The Di Rienzo,
Guzmán, and Casanoves (DGC) method was used for multiple
comparisons (Di Rienzo et al. 2002). Dependence between variables
was tested performing simple and multiple regressions (bidirec-
tional stepwise elimination based on P value and significance lev-

Fig. 1. Monthly means of climatic variables in Corrientes,
Argentina. (A) Temperature (solid circles) and photoperiod (open
triangles); (B) rainfall (solid squares), air humidity (inverted open
triangles) from December 2007 through December 2009, and rainfall
from January 1990 through December 2007 (open squares). Climatic
data from Servicio Meteorológico Nacional and Servicio de
Hidrografía Naval.
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els for testing input and output variables were � = 0.05 and � =
0.10, respectively), as well as correlations. When correlation be-
tween independent variables and SVL was found, an ANCOVA was
performed using SVL as the covariate (Guisande et al. 2006), or
residuals of the linear regression were used (Ramírez-Bautista and
Vitt 1997) to perform further analysis.

The significance level used was P < 0.05 for all statistical tests.
Results are presented as means ± standard deviations (SD) unless
otherwise indicated.

Results

Body size and sexual maturity
Minimum adult size for males was 63.2 mm SVL, with maturity

defined by the presence of round or elongated spermatids (stage
III). In females, the minimum adult size was 64.6 mm SVL, with
adults having vitellogenic follicles. Adult males ranged from 63.2
to 127.5 mm SVL (101.2 ± 18.9 mm, n = 55) and from 7.69 to 75.09 g
of body mass (40.89 ± 20.45 g, n = 55), while adult females ranged
from 64.6 to 122.2 mm SVL (89.7 ± 11.9 mm, n = 61) and from 7.96 to
55.97 g of body mass (24.11 ± 9.22 g, n = 61). Juvenile males ranged
from 31.1 to 60.0 mm SVL (44.6 ± 9.2 mm, n = 10) and from 0.77 to
7.70 g of body mass (3.05 ± 2.04 g, n = 10), while juvenile females
ranged from 34.9 to 64.3 mm SVL (49.7 ± 11.3 mm, n = 14) and from
0.85 to 8.00 g of body mass (4.56 ± 2.78 g, n = 13).

Sexual dimorphism
Adult male SVL was larger than that of adult females (Mann–

Whitney U test, U = 3911, P < 0.001, n = 116), and males also had
longer tails (TaL; ANCOVA with SVL as the covariate, F[1,55] = 8.18,
P = 0.006, n = 58) and longer and higher heads (HL and HH, respec-
tively; discriminant analysis, � = 0.366, � �3�

2 = 113.0, P < 0.001,

n = 116; Fig. 2), while females exhibited a larger distance be-
tween front and hind limbs (IL). Adult males and females did
not show differences in the frequency of caudal autotomy (� �1�

2 =
0.03, P = 0.852, n = 116). Cut and regenerated tails were recorded
in 51% of the males and in 49% of the females.

In addition, males with intact tails did not show any difference
in body size or body mass compared with males with cut or regen-
erated tails (SVL: Mann–Whitney U test, U = 701.0, P = 0.354; body
mass: U = 705.0, P = 0.390); females also did not show any differ-
ence (SVL: U = 977.5, P = 0.493; body mass: U = 943.5, P = 0.845).

Male reproductive cycle
Young males were collected (stage I, n = 10) from mid-summer

(January) to early spring (October; Fig. 3). Males with primary and
secondary spermatocytes (stage II, n = 3) were collected in early
spring (October) and early summer (December), and males with
round and elongated spermatids (stage III, n = 6) were found from
mid-autumn (May) to early summer (December). Males with sper-
matozoa in the seminiferous tubules (stage IV, n = 38) were cap-
tured throughout the year, while testicular regression (stage V,
n = 8) was only recorded in males captured from early summer
(January) to early autumn (April; Fig. 3). Only five males with testes
in stage IV did not show spermatozoa in the epididymis.

There was a positive relationship between SVL and testicular
mass (TM) and between SVL and testicular volume (TV) (simple
linear regression; SVL vs. TM: r2 = 0.51, F[1,51] = 53.40, slope = 3.61 ±
0.49, P < 0.001; SVL vs. TV: r2 = 0.51, slope = 3.57 ± 0.49, F[1,53] =
53.27, P < 0.001). The adjusted means of testicular mass and
volume showed a similar annual variation with lower values from
late spring (December) to early autumn (April; Figs. 4A, 4B), a time
when testicular regression was recorded (Fig. 3). The highest mean
values of testicular mass and volume were registered from mid-
winter (August) to mid-spring (November), when a high percent-
age of males (80%–100%) exhibited spermatogenic stage IV.

Males larger than 80 mm SVL showed spermiation (spermato-
genic stage IV) throughout the year, while adult males smaller
than 80 mm SVL exhibited spermatogenic stage IV only from July
onward (Fig. 5).

Significant differences among spermatogenic stages were ob-
served in mean testicular volume and mass (ANCOVA; TV: F[3,50] =
11.31, P < 0.001, n = 55; TM: F[3,48] = 12.22, P < 0.001, n = 53). The
highest mean values of these testicular parameters (TV and TM)
were registered at stage IV and were significantly different from
the rest of the stages (Fig. 6).

Climatic cues such as temperature, photoperiod, relative hu-
midity, and rainfall showed no relation to the testicular parameters

Fig. 2. Box plots of the significant dimorphic traits (P < 0.05) of
female and male Amazon Lava Lizards (Tropidurus torquatus).
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(multiple stepwise regression; TV: F[6,11] = 2.34, P = 0.165; TM:
F[6,11] = 1.89, P = 0.229).

Follicular size and female reproductive cycle
Adult females exhibited follicular growth from early winter

(July), when vitellogenesis starts, until early summer (January;
Fig. 7). Stepwise multiple regressions showed a significant rela-
tionship between follicular size and photoperiod (standardized
coefficient = 0.93), and between follicular size and rainfall (stan-
dardized coefficient = –0.56), between 2007 and 2009. These two
climatic variables explained 85% of the variation in the follicular
size (F[2,4] = 11.67, P = 0.021) during the reproductive season. The
simultaneous presence of vitellogenic follicles and oviductal eggs,
or vitellogenic follicles and corpora lutea, were observed from late
winter (September) to early summer (January), indicating the pro-
duction of at least two clutches per reproductive season (multiple
clutches; Fig. 7). These simultaneous reproductive events were
recorded only in females with a minimum SVL of 73 mm (Fig. 8).
From mid-summer (February) to late autumn (June), only non-
reproductive adult females were collected, although in early sum-
mer (January), one female was collected with large vitellogenic
follicles (greatest follicle size = 10.4 mm; Fig. 7). Only the largest
adult female (122.2 mm SVL) exhibited signs of senescence, with
very small ovaries, and a uterus morphologically similar to that of
the juvenile females.

Embryonic development, incubation, and births
The first female with vitellogenic follicles was captured in early

winter (July), while the first female with corpora lutea was col-
lected in early spring (October; Fig. 7). This result points out that
the minimum time elapsed between vitellogenesis and postures is
3 months. Juveniles showing umbilical scars were captured from
mid-summer (ending January) to early winter (July) and their body
sizes ranged from 31 to 40 mm SVL. The period of time between
the capture of females with corpora lutea and the observations of
juveniles with umbilical scars in the field indicates a minimum
time elapsed from postures to egg eclosion as 3 months. The re-
productive activity of small adult females (approximately 65–
80 mm SVL) starts later in the season and they laid their eggs at the
end of the breeding season (December; Fig. 8).

Clutch size and female reproductive investment
Clutch size varied from 4 to 9 eggs (6.3 ± 1.5, n = 11) and was

positively correlated with female SVL (Pearson’s correlation, r =
0.88, P < 0.001, n = 11; Fig. 9) and also with female mass (r = 0.95,
P < 0.001, n = 11). The volume of individual eggs was 992.7 ±
87.2 mm3 (n = 11) and showed no relationship with female SVL (r =
0.21, P = 0.53, n = 11; Fig. 10) nor with female mass (r = 0.27, P = 0.43,
n = 11). The fresh total clutch mass was 0.92 ± 0.15 g (n = 6) and the
fresh egg mass was 0.89 ± 0.17 g (n = 40). No relationship was found
between egg volume and clutch size (Pearson’s correlation, r =
0.36, P = 0.28, n = 11). Even after considering the effect of female
SVL, the relationship between egg volume and clutch size was not
significant (partial correlation, r = 0.47, P = 0.148, n = 11). We also
did not find any relationship between these two variables taking
into account the female body mass as a covariable (partial corre-
lation, r = 0.35, P = 0.292, n = 11). The analysis of the reproductive
investment showed that RCMinc ranged from 0.16 to 0.26 (0.22 ±
0.04, n = 6) and RCMexc ranged from 0.18 to 0.35 (0.28 ± 0.06, n = 6).

Operational sex ratio
A total of 55 adult males and 61 adult females were captured

during the period 2007–2009. But, when considering only recep-
tive adults, the OSR was 47 males to 31 females and was not dif-
ferent (binomial test, P > 0.089, n = 78). The OSR was 0.6/0.4, i.e.,
1.5 receptive males per available female.

Fat body cycles
Fat body mass in both adult females and adult males related to SVL

(Spearman’s correlation; males: rS = 0.67, P < 0.001, n = 55; females:
rS = 0.51, P < 0.001, n = 61). Adjusted mean values of fat body mass
varied monthly, in both males (ANOVA: F[11,43] = 4.54, P < 0.001) and
females (ANOVA: F[11,48] = 6.98, P < 0.001), and were inversely corre-
lated with the adjusted testicular volume (rS = –0.69, P < 0.001) and
follicular sizes (rS = –0.57, P < 0.001; Figs. 11A, 11B).

Discussion
Asynchrony in gonadal activity between genders is common

and is usually associated with sperm storage and differences in
the duration of sexual receptivity (e.g., Flemming 1993; Méndez-de la
Cruz et al. 1998; Ibargüengoytía 2008; Mouton et al. 2012). Al-
though testicular volume and mass varies seasonally, males have
epididymal spermatozoa and can mate throughout the year,
while females reproduce mainly during the wet season, a com-
mon pattern in tropical reptiles (Wilhoft 1963; Clerke and Alford
1993; Van Sluys 1993; Wiederhecker et al. 2002). More unusual,
however, is individual variation of gonadal activity within gen-
ders as shown by male T. torquatus from Corrientes.

The continuity of male sexual receptivity and function could be
interpreted as an adaptation to asynchrony among females, be-
cause females shorter than 80 mm SVL start vitellogenesis at least
2 months later than larger females. This temporal segregation
could correspond to a cyclical and seasonal variation in the
structure of the population as seen in populations from the Cerrado

Fig. 4. Adjusted monthly means and standard error of the
(A) testicular mass (g) and (B) testicular volume (mm3) for adult
Amazon Lava Lizards (Tropidurus torquatus). Cycles of testicular
parameters are depicted as residuals from snout–vent length versus
testicular volume and mass regressions.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Month

-1.2

-0.6

-0.1

0.5

1.0

Te
st

ic
ul

ar
 m

as
s 

(re
si

du
al

s)

A

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Month

-5.0

-2.7

-0.5

1.8

4.0

Te
st

ic
ul

ar
 v

ol
um

e 
(re

si
du

al
s)

B

Ortiz et al. 647

Published by NRC Research Press

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

D
A

L
H

O
U

SI
E

 U
N

IV
E

R
 o

n 
07

/0
7/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



and the Pampa Brazilian biomes (Wiederhecker et al. 2003; Vieira
et al. 2011), or the result of intrasexual competition as larger indi-
viduals (males, females, or both) temporally displace the repro-
ductive season of the smaller adults (Ruckstuhl and Clutton-Brock
2005; Shine and Wall 2005).

In southern Brazil, offspring from the first clutch of the repro-
ductive season produced by T. torquatus may attain sexual matu-
rity in the same season (Arruda 2009). In Corrientes, hatchlings of
T. toquatus present in winter (July) do not reach sexual maturity
until the following year (Fig. 12). This delay in maturation is ac-
companied by greater allocation of energy to growth, increasing
fecundity at first reproduction, and being better able to compete
for territories and mates in the second year (Olsson et al. 2002;
Kohlsdorf et al. 2006).

Mating behaviour was not observed in the field, but our results
suggest that mating activity starts in mid-winter (August), when
males exhibited spermiogenesis and females present vitellogenic fol-
licles. The simultaneous presence of females with large vitellogenic
follicles and oviductal eggs and others with corpora lutea indicates
there are at least two clutches per reproductive season. Therefore,
females with oviductal eggs in spring can lay a second clutch in
summer. Extended mating (through early summer) is likely because
we observed sperm production by 80% of males and the presence of
some females with large vitellogenic follicles (up to 10.4 mm).

The partial synchrony between male and female gonadal cycles
of T. torquatus from Corrientes is typical of most tropidurids

(Table 1), but there is notorious ecotypic variation among species
and different populations of the same species in the timing of
the reproductive events. In Corrientes, the reproductive season
of T. torquatus starts in July and lasts until February, while in
the Brazilian Cerrado, it extends from August to February
(Wiederhecker et al. 2002), and in the Brazilian Pampa, it is much
shorter, lasting from September to January (Arruda 2009). In con-
trast, in the Brazilian Atlantic Forest, female reproductive cycles
vary from seasonal (May–December) in Barra de Maricá (Van Sluys
et al. 2010) to continuous in Guriri (Teixeira and Giovanelli 1999).

Different periods of sexual receptivity in small versus large adult
females can influence offspring performance and survival. Environ-
mental cues, in particular temperature, photoperiod, and rainfall,
not only affect development but also influence the opportunity for
feeding and offspring growth (Andrews et al. 2000; Bradshaw and
Holzapfel 2007; Du and Shine 2008). For example, the rate of embry-
onic development is particularly sensitive to the environmental tem-
peratures in oviparous species (Muth 1980; Christian et al. 1986; Van
Damme et al. 1992). Incubation period varies among populations of
T. torquatus in accordance with temperatures. In Corrientes, with
summer mean and maximum temperatures 5 °C higher than those
registered in Brasilia, including the maximum that can exceed 40 °C,
incubation lasts about 3 months, while in Alegrete, an extra month
of incubation may occur (Arruda 2009), and in Brasília incubation
lasts 5 months (Wiederhecker et al. 2002). Temperature has been
shown to affect incubation time in other species such as the Com-
mon Wall Lizard (Podarcis muralis (Laurenti, 1768)) in which eggs in-
cubated at 24 °C hatched 5 weeks later than those incubated at 32
and 35 °C (Van Damme et al. 1992).

In Corrientes, individuals smaller than 40 mm SVL were observed
from early summer (January) to early winter (July; Table 1). These
data indicate that the hatching period is the longest among pop-
ulations of T. torquatus. Overall, the hatching period in tropidurids
occurs during summer and autumn, except for the population of
T. torquatus from Barra de Maricá where newborns were found in
spring (October; Van Sluys et al. 2010; Table 1).

The hatches of the delayed young females of T. torquatus from
the Wet Chaco occur in winter when temperatures and rainfall
are lower and when fewer arthropods are available (Pocco et al.
2010; Montero et al. 2011). However, although food may be less
available during this period, this may be offset by lower predation
risk, which could allow lizards to feed more freely.

Fig. 5. Male body size distribution (snout–vent length) in the Amazon Lava Lizard (Tropidurus torquatus) based on the spermatogenic stages
throughout the year: (I) seminiferous tubules (ST) with spermatogonia (open circles); (II) ST with primary and secondary spermatocytes (open
squares); (III) ST with round spermatids in the process of elongation (open triangles); (IV) ST with spermatozoa in the tubule (solid circles);
(V) testes in early regression (asterisks).
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Fig. 6. Adjusted means and standard error of testicular volume
(open circles) and testicular mass (solid circles) versus the
spermatogenic stages of adult Amazon Lava Lizards (Tropidurus
torquatus): (II) spermatocytes; (III) spermatids; (IV) spermatozoa;
(V) early regression. Different letters indicate significant differences
(DGC method, P < 0.05).
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Fig. 7. Variation in follicular size of adult female Amazon Lava Lizards (Tropidurus torquatus) throughout the year. NVF, nonvitellogenic
follicles (open circles); VF, vitellogenic follicles (solid circles); VFE, vitellogenic follicles and oviductal eggs (asterisks); NVFE, nonvitellogenic
follicles and oviductal eggs (shaded squares); VFCL, vitellogenic follicles and corpora lutea (inverted open triangles); WLE, mean between
width and length of oviductal eggs (open triangles).
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Fig. 8. Female body size distribution (snout–vent length) in the Amazon Lava Lizard (Tropidurus torquatus) based on the reproductive condition
throughout the year. NVF, females with nonvitellogenic follicles (open circles); VF, females with vitellogenic follicles (solid circles); VFE,
females with vitellogenic follicles and oviductal eggs (asterisks); NVFE, females with oviductal eggs and nonvitellogenic follicles (shaded
squares); VFCL, females with vitellogenic follicles and corpora lutea (inverted open triangles).
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Clutch size, egg size, and clutch frequency can result in a con-
strained overall reproductive investment (Meiri et al. 2012) and
ecotypic variation is expected among T. torquatus populations.
Clutch size in the Wet Chaco, Corrientes, is similar to clutches in
the Cerrado and Pampa biomes (Arruda 2009; Wiederhecker et al.
2002), while in the Atlantic Forest, clutch size is considerably
smaller, consisting of only two eggs (Table 1). In Corrientes, the
Cerrado, and the Pampa, the clutch size is correlated with mater-

nal SVL (Arruda 2009; Wiederhecker et al. 2002), as is common in
tropidurids (e.g., T. itambere: Van Sluys 1993; T. etheridgei: Cruz
1997; Tropidurus montanus: Van Sluys et al. 2002). In Tropidurus pop-
ulations, selection could favour larger females which would fa-
vour greater fecundity even though we did not find a relationship
between clutch size and egg size in T. torquatus for Corrientes. The
classical theory regarding the size and number of offspring (Smith
and Fretwell 1974) predicts that females can produce either a large
number of small offspring or fewer large offspring, assuming that
a finite amount of energy is allocated into reproduction. When a
positive relationship exists between offspring size and fitness,
then females that produce larger offspring will be at a selective
advantage. Experimental tests have verified this trade-off between
egg size and clutch size (Sinervo and Licht 1991; Williams 2001).
Nevertheless, this relationship can be affected by female size
(Ford and Seigel 1989, 2006), variation in resource acquisition by
females (Uller and Olsson 2005), and the number of clutches that
are laid per year (clutch frequency; Wang et al. 2011). The effect of
clutch frequency may explain the case of T. torquatus in the Wet
Chaco, as females lay multiple clutches per reproductive season.
However, a different strategy was observed in the Atlantic Forest,
as clutch size is relatively constrained, perhaps compensated by
greater egg size (Van Sluys et al. 2010; Kiefer et al. 2008).

Mean RCM of T. torquatus from Corrientes was similar to the
RCM documented for different lizard species (RCM = 0.255 ± 0.014

Fig. 11. Fat body annual cycle of adult Amazon Lava Lizards (Tropidurus torquatus). (A) Monthly means of the male residuals obtained from the
linear regressions between fat body mass and snout–vent length (open triangles), and between testicular volume and snout–vent length
(solid circles). (B) Monthly means of the female residuals obtained from the linear regressions between fat body mass and snout–vent length
(open triangles), and mean diameters of the largest follicles (solid circles). Bars indicate the standard error and the different letters indicate
significant differences (DGC method, P < 0.05).
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Fig. 12. Body size (snout–vent length) distribution by month in the
Amazon Lava Lizard (Tropidurus torquatus): adult males (solid circles);
adult females (open circles); juveniles (plus signs).
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(mean ± SE), Meiri et al. 2012; RCMT. torquatus = 0.22 ± 0.04 (mean ±
SD), present study). Nevertheless, RCM and egg size values of
T. torquatus (Corrientes) were the highest reported for the species
(Table 1), suggesting a particular selective pressure on females of
this population. Vitt and Price (1982) proposed that RCM may vary
among populations of a species as a result of differences in food
availability or the geographic variation in escape tactics. Tropidurus
torquatus is a sit-and-wait predator who relies on its cryptic ap-
pearance to avoid predators (Vitt 1981). Therefore, the interpopu-
lation difference in RCM may be due to subtle variations in the
prey escape mode in relation to geographical differences related
to predator pressures, habitat structure, or availability of shelters
and food. These differences allow females to invest more energy
in reproduction in localities like Corrientes, even though that
could cause a reduction in running speed and therefore a greater
risk of predation (Shine 1980).

Inter- or intra-sexual asynchrony is consistent with sexual di-
morphism (Emlen and Oring 1977; Kvarnemo and Ahnesjö 1996).
Males of T. torquatus from Corrientes are larger in body size and
head size than females, which can be beneficial in agonistic en-
counters (Vitt and Cooper 1985; Anderson and Vitt 1990; Pinto
et al. 2005). In fact, sexual selection for increased male body size
occurs because of a male-biased OSR resulting from female asyn-
chrony, as the OSR hypothesis predicts (Emlen and Oring 1977;
Kvarnemo and Ahnesjö 1996). Larger SVL and head in males have
been documented in several tropidurids (Vitt and Goldberg 1983;
Vitt 1990, 1993; Perez-Mellado and De la Riva 1993; Van Sluys 1993;
Vitt and Zani 1996; Cruz 1997; Cruz et al. 1997; Vitt et al. 1997; Pinto
et al 2005; Van Sluys et al. 2002, 2010; Brandt and Navas 2013),
suggesting that these differences could have originated early in
the evolution of the group (Vitt et al. 1997). Polygynous and terri-
torial behaviours in T. torquatus (Pinto et al. 2005; Kohlsdorf et al.
2006) can explain the sexual dimorphism as a result of sexual
selection. However, the relationship between male and female
body sizes among tropidurid species is isometric, instead of hyper-
allometric, as might be expected, which suggests that other fac-
tors can also affect size dimorphism (Brandt and Navas 2013).

A longer tail can be advantageous given that dominant males
usually execute threat movements with the tail, as well as with
the head, warning rival males to avoid combat (Kohlsdorf et al.
2006). However, in spite of males’ aggressive interactions, a simi-
lar frequency of caudal autotomy was recorded for both sexes in
this study which indicates that predation pressure affects males
and females in a similar manner. While morphological patterns in
male T. torquatus (Corrientes) can be explained by sexual selection,
the larger interlimb lengths observed in females are likely an
adaptation to allow them to carry a larger clutch (Olsson et al.
2002), which is frequently explained by fecundity selection.

Tropidurus torquatus in Corrientes inhabits a subtropical envi-
ronment that shows a clear drop in rainfall in winter, and tempera-
ture and photoperiod regimes that vary considerably throughout the
year. To the extent that variation in climate is predictable, synchrony
may develop with reproductive functions. While the testicular pa-
rameters in T. torquatus (Corrientes) showed no relationship with the
climatic variables, follicular growth in females was associated with
change in photoperiod and rainfall in the second half of the year.
In tropical environments, rainfall has been noted to be the prin-
cipal factor that regulates the timing of reproductive activity in
female lizards (Sherbrooke 1975; Barbault 1976; Magnusson 1987;
Patterson 1991; Rocha 1992). Meanwhile, photoperiod is consid-
ered to be the most important variable affecting the reproductive
activity in lizard populations from subtropical and temperate re-
gions (Gorman and Licht 1974), probably because it is a reliable
sign of seasonality. As suggested by Wiederhecker et al. (2002),
the ability to detect environmental signals to predict the arrival of
the wet season would be beneficial. Reproduction during the wet
season is common in tropidurids (Van Sluys et al. 2010), with the
exception of Brazilian populations of T. semitaeniatus in Pernam-

buco (Caatinga) and T. torquatus in Barra de Maricá (Atlantic Forest)
that reproduce mainly during the dry season (Vitt and Goldberg
1983; Van Sluys et al. 2010). This reproductive pattern has been
associated with the higher abundance of arthropods (Rocha 1992,
1996) that coincides with the rainy season (Janzen and Schoener
1968; Buskirk and Buskirk 1976; Wolda 1978; Pinheiro et al. 2002).
On the other hand, the rainy season would grant favourable levels
of humidity for the proper incubation and development of the
eggs (Brown and Shine 2006).

The accumulation of lipids in fat bodies is used as an indicator of
food availability (Licht 1974; Derickson 1976; Colli et al. 1997). Both
males and females of T. torquatus from Corrientes showed a cyclical
pattern of lipid accumulation with the highest values recorded from
autumn to early winter, when we should expect a lower arthropod
abundance as a consequence of lower temperatures and rainfall.
Although this may result in a decrease in arthropod availability, the
decrease may not limit the accumulation of lipids. The fat body cy-
cles in both males and females of T. torquatus showed that lipid accu-
mulation reached maximum values when the testicular parameters
and follicular sizes reach their minima. However, dissections of spec-
imens suggest that males quickly accumulate lipids in mid-summer
that last until winter, while females begin to store lipids in late
summer and reach a peak in early autumn, outside the breeding
season, and decrease their fat stores markedly in winter (July) when
vitellogenesis begins.

Other studies on tropidurids inhabiting highly seasonal environ-
ments have registered a seasonal pattern of lipid storage, with in-
creasing lipid stores during the dry season (e.g., T. torquatus:
Wiederhecker est al. 2002; T. montanus: Van Sluys et al. 2002;
Rodrigues’ Lava Lizard, Eurolophosaurus nanuzae: Galdino et al. 2003;
T. semitaeniatus and T. hispidus: Ribeiro et al. 2012). According to
Colli et al. (1997), the accumulation of lipids during the dry season
in sit-and-wait predators, like Tropidurus lizards, derives from a
high increment in production efficiency as a consequence of
lower maintenance costs. Moreover, a diet study in a population
of T. torquatus from Corrientes has demonstrated that there is an
increment in food intake during autumn and spring (Álvarez et al.
1985). This bimodal dietary pattern of T. torquatus (Corrientes) co-
incides with the increase in stored fat in autumn and reproductive
activity in spring. Hahn and Tinkle (1965) demonstrated that the
accumulation of lipids in fat bodies is crucial for the beginning of
the reproductive activity in the Side-blotched Lizard (Uta stansburi-
ana Baird and Girard, 1852). The same is probably true for
T. torquatus in Corrientes. However, neither the availability of food
nor lipid accumulation in fat bodies seems to be enough to cause
reproductive seasonality in this population.

The lengths of the reproductive seasons in T. torquatus from Brasília
(Cerrado biome) (Wiederhecker et al. 2002) and in T. semitaeniatus and
T. hispidus from Seridó (Caatinga biome) (Ribeiro et al. 2012) are
determined by the lack of appropriate environmental conditions for
the development of the eggs during the dry season. Although the
rainfall regime is the main limiting factor that explains the repro-
ductive pattern of T. torquatus females from Corrientes, the environ-
mental temperature might be crucial, affecting the seasonal
variations in the daily pattern of activity or embryonic development,
and therefore, the duration of the reproductive cycle. Arruda (2009)
proposed that the seasonality and the extension of the reproductive
cycle of T. torquatus from Alegrete (Pampa biome) could be explained
by the existence of thermal conditions appropriate for embryonic
development.

Females of T. torquatus that inhabit the subtropical environ-
ment of Corrientes have an extended 8 month reproductive sea-
son and some females probably could lay two clutches per season.
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It represents one of the longest seasonal reproductive cycles of the
species, except for the Guriri population in the Brazilian Atlantic
Forest biome that exhibits continuous reproduction. The compar-
ative analysis performed in the present study provides evidence of
variation in the reproductive cycles of males and females and
identifies correlates with environmental variables. Other repro-
ductive variables as clutch size, RCM, egg volume, incubation
period, hatching time, and the minimum body size for sexual
maturity also vary among populations. Such variation could be
due to either phenotypic plasticity or ecotypic adaptation to the
local environmental conditions or more likely to both. Studies on
the role of biotic interactions in spatial distributions under con-

trolled laboratory experiments or using reciprocal transplants are
needed to test these hypotheses.
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Table 1. Summary of reproductive characteristics of tropidurid species.

Reproductive cycle

Species Biome Male Female
Female SVL (mm)
at sexual maturity

Female mean
size (SVL, mm) Clutch size

Clutch
mass (g)

Tropidurus torquatus Wet chaco Continuous Seasonal
(July–Feb.)

64.6 82.2±19.6 6.3±1.5 (4–9) 0.87±0.13

Cerrado Continuous Seasonal
(Aug.–Feb.)

65 82.4±16.3 6.1±0.2 (3–10) 0.372±0.006

Oceanic island ? ? ? 79.5±4.6 4.4±1.1 (2–6) ?

Atlantic forest ? ? 51.4 57.0±3.4 to
68.5±6.0

2.0±0.3 to
3.3±0.6 (2–4)

?

Pampa Continuous Seasonal
(Sept.–Jan.)

74.8 88.3±15.1 6.2±1.86 (3–10) ?

Atlantic forest ? Continuous 40 60.0±10.9 ? (2–4) ?

Atlantic forest Continuous Seasonal
(May–Dec.)

51.1 ? 2.1±0.58 (1–4) ?

Tropidurus montanus Atlantic forest Continuous Seasonal
(Aug.–Jan.)

56.5 69.7±6.6 3.5±1.1 (1–6) ?

Tropidurus hispidus Tropical thorn
forest

Seasonal
(Mar.–Aug.)

Seasonal
(Mar.–Sept.)

68 82.1 5.5 (1–8) ?

Caatinga Continuous Continuous 70 86.6±1.0 7.3±0.2 (3–14) 0.654

Caatinga Continuous Seasonal
(Nov.–Apr.)

65 86.8±13.2 8.1±2.0 (6–13) ?

Tropidurus semitaeniatus Caatinga Continuous Seasonal
(May–Jan.)

58 72.4±0.5 2.0±0.04 (1–4) 0.801

Caatinga Continuous Seasonal
(Nov.–Apr.)

59 63.3±7.6 2.1±0.6 (1–3) ?

Tropidurus spinulosus Dry chaco Seasonal
(Oct.–Dec.)

Seasonal
(Oct.–Dec.)

80.3 94.1±8.0 5 (3–7) 1.27±0.136

Dry chaco Seasonal
(Sept.–Nov.)

Seasonal
(Sept.–Nov.)

? ? 5.7 (4–8) 0.43

Cerrado ? ? 72 86.2±1.3 4.0±0.2 (3–6) ?
Tropidurus etheridgei Cerrado ? ? 61 67.5±0.5 4.9±0.1 (3–7) ?

Dry chaco Seasonal
(Sept.–Jan.)

Seasonal
(Sept.–Jan.)

49.9 66.7±0.79 6.2±0.17 (3–9) 0.630±0.096

Dry chaco Seasonal
(Sept.–Jan.)

Seasonal
(Sept.–Jan.)

50.7 68.9±6.59 5.9±1.86 (?–9) ?

Tropidurus itambere Atlantic forest Continuous Seasonal
(Sept.–Jan.)

56.1 ? 3.5±1.4 (1–8) ?

Tropidurus sp. 1 Amazonian ? ? 61 71.9±1.2 3.4±0.19 (2–5) 0.829±0.030
Tropidurus sp. 2 Amazonian ? ? 71 78.6±0.7 3.5±0.19 (2–4) 0.825±0.027
Tropidurus sp. 3 Amazonian ? ? 63 75.1±0.7 3.8±0.14 (1–5) 0.710±0.020
Tropidurus cf. oreadicus Amazonian ? ? 62 81.4±1.1 4.2±0.22 (2–6) 0.728±0.010
T. oreadicus Cerrado ? ? 54.9 66.8±5.67 3.7±1.5 (2–5) ?
Uracentron flaviceps Amazonian ? ? 83 90.1±1.35 2 1.28±0.06

Plica plica Amazonian ? ? 88 114.9±4.9 2.9±0.1 2.49±0.13
Plica umbra Amazonian ? ? 79 87.1±1.6 1.9±0.1 1.56±0.074

Eurolophosaurus nanuzae Campos Rupestres Continuous Seasonal
(July–Mar.)

44.7 52.2±3.7 2.06±0.36 (1–3) 1.06±0.23

Note: Common name (if available), authority, and year of identification of a species are as follows (order of appearance in table): Amazon Lava Lizard, Tropidurus
(Spix, 1825); Spiny Lava Lizard, Tropidurus spinulosus (Cope, 1862); Etheridge’s Lava Lizard, Tropidurus etheridgei Cei, 1982; Tropidurus itambere Rodrigues, 1987; Tropidurus
Racerunner), Plica umbra (L., 1758); Rodrigues’ Lava Lizard, Eurolophosaurus nanuzae (Rodrigues, 1981). Mean values are presented with ±1 SD or ±1 SE, and ranges are
clutch size, clutch mass, egg size, relative clutch mass including clutch mass (RCMinc), relative clutch mass excluding clutch mass (RCMexc), hatchling size, period of
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